1.
Introduction. Many problems of mathematical physics, theory of elasticity, and mixed problems of mechanics of continuous media reduce to an integral equation with a kernel that has one of the following forms: where J n (x) is a Bessel function of the first kind of order n. Arutyunyan [5] has shown that the plane contact problem of the nonlinear theory of plasticity, in its first approximation, can be reduced to Fredholm integral equation of the first kind with Carleman kernel (for the symmetric and skew symmetric cases, respectively). In [14, 15] Mkhitaryan and Abdou obtained the general formulas, even and odd, of the potential analytic function, using Krein's method [13] , for the Fredholm integral equation of the first kind with Carleman kernel [15] and logarithmic kernel [14] (for symmetric and skew symmetric, respectively).
Kovalenko [12] developed the Fredholm integral equation of the first kind for the mechanics mixed problems of continuous media and obtained an approximate solution for the Fredholm integral equation of the first kind with an elliptic kernel
Abdou in [1] obtained the solution of Fredholm integral equation of the second kind with potential function kernel,
Also, in [3] , the structure resolvent for the Fredholm integral equation of the second kind with potential function kernel is obtained by Abdou. The potential theory method is used in [4, 2] to obtain the eigenvalues and eigenfunctions for a system of Fredholm integral equations of the first kind with Carleman kernel in [2] and logarithmic kernel in [4] . Abel's theorem is used in [8] to obtain the general solution of the Fredholm integral equation of the first kind with a kernel in the form of the Gauss hypergeometric function
The solution in Mathieu function form is obtained in [4] , where the potential theory method is used for contact problems of mechanics of continuous media between a finite system of stamps with varying width and an elastic half-space in a threedimensional formulation, for which the domain of integration Ω is represented as Ω : (x,y,z) ∈ Ω : −∞ < x, y < ∞, z > 0.
In this paper, the solution of Fredholm-Volterra integral equation of the first kind
The problem is investigated from the three-dimensional semisymmetric contact problem in the theory of elasticity of frictionless impression of a rigid surface (G, v) having an elastic material occupying the domain Ω, where the external forces are neglected. Assume a function f (x,y) ∈ L 2 (Ω) which describes the surface of stamp, such that, it is impressed into the elastic layer surface (plane) by a variable force M(t), whose rigid displacement δ(t) ∈ C(0,T ). The integral equation, in this case, becomes (see [1] )
Here F(t) is a positive continuous function that belongs to the class C(0,T ) and represents the characterized resistance of the elastic layer, P (x,y,t) is the unknown potential normal stress function between the surface of stamp and the elastic layer, G is the displacement magnitude and v is Poisson's coefficient. In this work, the Fredholm integral equations of the first and second kind with a generalized potential kernel are established and their solutions are discussed, the kernel is represented in the Weber-Sonin integral formula. Many interesting spectral relationships are derived from the problem. Finally, a numerical example is considered for the solution of Fredholm integral equation of the second kind.
Basic equations.
In this section, a method is used to obtain a finite system of integral equations in three dimensions, then, by using the method of separation of variables, we represent the integral equation to a system of Fredholm integral equation of the second kind in one dimension. Also the kernel of Fredholm integral equation is represented in the Weber-Sonin integral formula.
So, we divide the
.,N; then by using the quadratic formula [6] , u j , j = 0, 1,...,k, in the Volterra integral term of (1.2), we have
The values of u j and p, p k, depend on the number of derivatives of F(t) (see [6] ). Using (2.1) in (1.2), we have
The solution of the integral equation (2.3) depends on the kernel and the values of F k at the two points t 0 and t N , for example, if F(t 0 ) = F 0 = 0, the first equation of the linear integral system of (2.3) represents an integral equation of the first kind, then for all values of k > 1 we have a linear system of integral equations of the second kind, while for t N = 0, the formula (2.3), for 0 ≤ k ≤ N − 1, represents a linear system of integral equations of the second kind, and the formula (2.4) at k = N, represents an integral equation of the first kind.
To separate the variables, we assume
Using (2.5) in (2.3) and (2.4), we have
where
To write the integral equation (2. 
Hence, (2.8) takes the form
where F (a, b, c; z) is the Gauss hypergeometric function, and Γ (x) is the Gamma function. Formula (2.10) is symmetric and does not depend on the relation between ρ and r . Second, using the relation (see [9] ) (2.12) Using (2.12) and the following notations:
the integral equation (2.6) and condition (2.7) become
which represents a Weber-Sonin integral formula.
It is easy to prove the following relation:
The integral equation (2.14) represents a linear system of Fredholm integral equation of the first or second kind depending on the values of µ k , k ∈ [0,N]. The general solution of (2.14) can be obtained using the recurrence relations for values of k and the mathematical induction. For this aim, let k = 0 in (2.14) and (2.15), we obtain
The kind and solution of (2.19) depend on the values of µ 0 , for this, we are going to obtain the solution of (2.19), first when µ 0 → 0 and second when µ 0 satisfies the relation
Fredholm integral equation of the first kind.
In this section, we obtain the general solution of Fredholm integral equation of the first kind when the kernel takes a Weber-Sonin integral formula and for continuous values of g 0m (u). Also many spectral relationships are established here.
When F 0 = 0, we have µ 0 = 0 and (2.19) becomes 
Popov [16] stated that, in order to obtain the solution of (3.2) under condition (3.3), it suffices to obtain the most simple equation
Now, making use of the formulae
The solution of (3.5) (see [5, 16] ) is given by
After obtaining the solution of (3.7), we can derive the general solution of (3.2). It is easy to see that the function √ uψ zm (u) is a solution of (3.1) when g 0m (u) = u −1−iz .
Therefore, the general solution of the integral equation
is given by q
By using the principle of Krein [13] , with the aid of (3.10), the general solution of (3.1) takes the form
Now, we can obtain many interesting cases, for example, replacing g 0m (u) in (3.12) by a Jacobi polynomial, that is, let g 0m (u) = P (m,1/4) m (1−2u 2 ), then (3.1) is transformed
In terms of Gauss hypergeometric function of formula (8) of [14, page 715], we obtain the following important property:
, and making use of property (3.14), we obtain spectral relations of the semi-infinite interval In general,
where m is the order harmonic of the contact problem. Hence, the function g 0m (u) takes the form 
To solve (4.4), we use the formula (7.3911) of [9] and with the aid of [2, 8] , we can write the kernel (2.16) in the form
is the Jacobi polynomial. Hence, the solution of (4.4) with the kernel of (4.7) is equivalent to the solution of the linear system
The infinite linear system of (4.9) is solvable under the condition
Using the orthogonality of the Jacobi polynomial, the general solution of (4.4) takes the form
Hence by the mathematical induction, the solution of (2.14) can be obtained.
Numerical computations.
For j = 2, m = 3, µ 0 = c * = 1, we have the results shown in Table 5 .1 6. Conclusions. From the above results and discussions, the following may be concluded.
(1) The three-dimensional semi-symmetric contact problem for a stamp impressed into a layer surface, which was made of material according to the power law σ j = K 0 j , j = 1, 2, 3, by a variable force N(t) represents a Fredholm-Volterra integral equation of the first kind. (4) This paper is a generalization of the works of the contact problems in continuous media for the Fredholm integral equation of the first and second kind when the kernel takes the following forms: logarithmic kernel, Carleman kernel, elliptic integral kernel, and potential kernel. Moreover, the contact problems that lead to the integrodifferential equation with Cauchy kernel are a special case of (2.19). Also in this work the contact problems of higher-order (m ≥ 1) harmonic are included as special cases.
